A Statistical Data Model by Bry, François
A STATISTICAL DATA MODEL 
Fr a n c o i s BRY 
In t r o d u c t i o n 
I n order to avoid the p a r t i c u l a r i t i e s of one data base, i t i s 
u s e f u l to have a d a t a - d e s c r i p t i o n formalism a t our d i s p o s a l . 
Such a formalism i s a data model (Gardarin (1982), 
T s i c h r i t z i s ( 1 9 8 0 ) ) . We present here the p r i n c i p l e of a 
s t a t i s t i c a l data model we have conceived. I t give the o b j e c t 
types and t h e i r composition r u l e s , i n order to d e s c r i b e a wide 
c l a s s of s t a t i s t i c a l data bases. I t has been designed ot only to 
be a t o o l to b u i l d a data base management system (DBMS), but a l s o 
to e s t a b l i s h an e s s e n t i a l common language between managers of an 
a p p l i c a t i o n and data p r o c e s s i n g engineers. 
Though the most re c e n t models, the r e l a t i o n a l and 
e n t i t y - r e l a t i o n s h i p models, tend to s a t i s f y the data independence 
from storage device ( p h y s i c a l independence) and the data 
independence from a p p l i c a t i o n s ( l o g i c a l independence), they have 
been conceived to d e s c r i b e data bases which are very d i f f e r e n t 
from s t a t i s t i c a l ones. Furthermore, these ' c l a s s i c a l 1 models do 
not provide concepts of s t a t i s t i c a l groupings. 
P a r t i c u l a r i t i e s of s t a t i s t i c a l data bases 
P a r t i c u l a r i t i e s of s t a t i s t i c a l data bases a r e l i s t e d below a s : 
data movement c h a r a c t e r i s t i c s , l o g i c a l data s t r u c t u r e 
c h a r a c t e r i s t i c s and p h y s i c a l data s t r u c t u r e c h a r a c t e r i s t i c s . 
Data movement c h a r a c t e r i s t i c s : 
- There i s no updating of s t a t i s t i c a l r e c o r d s : a f t e r being 
v a l i d a t e d , a s t a t i s t i c a l f i l e i s never modified. 
- Large s e t s of new data a re p e r i o d i c a l l y i n s e r t e d i n a 
s t a t i s t i c a l data base. A s t a t i s t i c a l data base may i n c r e a s e i n 
s i z e of 10% a t a time. 
- The very most p a r t of qu e r i e s needs to read a f i l e i n i t s 
e n t i r e t y . 
I t must be pointed t h a t the ' c l a s s i c a l 1 DBMS, and the 
underlying data models, were designed to make updating, i n s e r t i n g 
small s e t s of rec o r d s , e a s i e r . U s u a l l y , they optimize the 
reading-time of small s e t s of data to the p r e j u d i c e of 
reading-time of l a r g e ones. 
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L o g i c a l data s t r u c t u r e c h a r a c t e r i s t i c s : 
- The s e t of v a l u e s of some data can be known 'a p r i o r i 1 ( f o r 
example, a demographic i n q u i r y i n a country l e a d to a s e t of 
p l a c e s of b i r t h which can be known without l i s t i n g the whole 
f i l e . Moreover, i t i s meaningful to know p l a c e s where nobody i s 
born). 
- For s t a t i s t i c a l treatment, some data have to be d e s c r i b e d by 
' h i e r a r c h i c a l nomenclature'. A nomenclature i s a p a r t of the 
meaning of data as w e l l as a way to express q u e r i e s . 
Note t h a t ' c l a s s i c a l ' data models do not allow to t r e a t 'a 
p r i o r i s e t s ' . 
P h y s i c a l data s t r u c t u r e c h a r a c t e r i s t i c s : 
- Most of the time, s t a t i s t i c a l f i l e s have f i x e d length 
r e c o r d s . 
- S t a t i s t i c a l f i l e s are very often of small d e n s i t y : a l a r g e 
p a r t of data have zero v a l u e . 
These two points can l e a d to appropriate f i l e o r g a n i s a t i o n 
a l l o w i n g data-compacting. We note t h a t ' c l a s s i c a l ' DDBMS are 
supported by f i l e o r g a n i s a t i o n a l l o w i n g v a r i a b l e record length. 
The model 
The s t a t i s t i c a l data model we present here tends to take i n t o 
account these c h a r a c t e r i s t i c s . I t s t r u c t u r e s the b a s i c data by 
two o b j e c t types: nomenclature and data-matrix. Three types are 
used to express the b a s i c data: c r i t e r i o n , summable-data and 
non-summable-data. 
A nomenclature i s a balanced t r e e , whose l e v e l s are used to 
d e f i n e 'a p r i o r i s e t s ' and to express groupings of b a s i c data. 
Although nomenclature can be see as 'meta-data', new 
nomenclatures can be c o n s t r u c t e d and o l d ones can be modified. 
T h i s a l l o w s us to take i n t o account the s p e c i f i c r o l e of time i n 
almost a l l s t a t i s t i c a l sources: the s t r u c t u r a t i o n of data i s 
e v o l u t i v e and thus accepts d i s t o r s i o n s i n time. 
I n order to aim a t the c o n s t r u c t i o n of macro-data (or 
aggregated data) c r i t e r i a are described by nomenclatures. 
Summable data and non-summable data allow us to d i s t i n g u i s h 
between macro-data t h a t can be b u i l t by s u c c e s s i v e aggregations 
and those data t h a t must be b u i l t with the i n i t i a l data. 
I n s t e a d of r e l a t i o n , the s t a t i s t i c a l model s t r u c t u r e the data 
i n data-matrix with an undefined number of dimensions and s e v e r a l 
l e v e l s of groupings. Dimensions are expressed by c r i t e r i a and 
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l e v e l s by nomenclatures. At each data-matrix i s attached a s e t 
of summable and non-summable data. The elements of a data-matrix 
are s e t s of numerical v a l u e s , which are the v a l u e s of the s e t of 
summable and non-summable data. 
For t h i s model any query r e s u l t i s a data-matrix s t r u c t u r e d 
upon the same data model. T h i s a l l o w s the s t a t i s t i c i a n to b u i l d 
h i s macro-data him s e l f a t the aggregation l e v e l r e q u i r e d f by s u c c e s s i v e uses of the system. T h i s s t a t i s t i c a l data model i s 
founded upon the assumption t h a t e xpressing new data-matrices i n 
order to c a l c u l a t e from those stored i n the data base i s a good 
way to query a s t a t i s t i c a l data base. 
The s t r u c t u r a t i o n of data i n data-matrix a l l o w s us to support a 
s t a t i s t i c a l DBMS by a f i l e o r g a n i s a t i o n of constant length 
re c o r d . So i t i s p o s s i b l e to see a data-matrix as a ' c l a s s i c a l 1 
s t a t i s t i c a l f i l e , and there i s no need of e x t r a c t i n g data from 
the base to use a s t a t i s t i c a l package or already e x i s t e n t 
s t a t i s t i c a l programs. 
T h i s s t a t i s t i c a l model allows four a b s t r a c t i o n l e v e l s 
(Smith ( 1 9 7 7 ) ) : two g e n e r a l i s a t i o n s to form the data-matrix, 
another one not explained here and an aggregation to form some 
f a m i l i e s of data-matrix. L i k e the r e l a t i o n n a l model, i t allows 
[k:n] a s s o c i a t i o n s (Chen ( 1 9 7 6 ) ) . 
T h i s model has been designed i n order to b u i l d a management 
system f o r a very l a r g e data base: i t s s i z e i s about 10**8 
bytes. One of our main purpose was to provide s t a t i s t i c i a n s with 
an easy-to-use system. We are now t r y i n g to v a l i d a t e t h i s data 
model by c o n s t r u c t i n g a s t a t i s t i c a l DBMS upon i t . 
(see Bry (1984) f o r a d e t a i l e d exposure and complete r e f e r e n c e s ) 
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